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The reproduction dynamics of Colophospermum mopane, including flowering, fru it bearing, the gennination potential 
of the seed and seedling establishment were studied over a period of three years on six plats where the trees were 
thinned to the approximate equivalents of 75%, 50%, 35% , 20% and 10% of the tree density of the control plot (2 71 1 
trees ha-' ). Th inning of C. mopane reduced inter-tree competition which resulted in marked increases in the flowering 
and fruit bearing of the remaining trees. Though the percentage reproductive trees were higher in the low tree density 
plots, the greater number of trees in the high tree density plots ensured that the total number of trees that flowered and 
produced fru it were of the same order of those in the low tree density plots. The fruit (seed with and without their pod 
covers) from trees with in the low tree density plots were larger and heavier than those from the plots with a high tree 
density , bu t this did not have a marked effect on their potential to germinate. Since the greatest germination was 
achieved from fresh seeds , no dormancy appears to exist in C. mopane seeds. Seedling numbers were low in all plots 
and a specific pattern of seedling establishment was lacking. At high tree densities severe competition from the 
established C. mopane trees could account for the low rate of seedling establishment, while in the low tree density 
plots competition from newly established herbaceous plants, mainly grasses, could account for the tree seedling 
absence in these plots. 
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Introduction 
The Mopani savanna woodland, dominated by the tree species 
Colophospermum mopane Kirk ex 1. Leonard (Kirk ex Benth), is 
an extensive and important veld type of southern Africa. It cov-
ers large areas of the northern and north-eastern parts of South 
Africa, Botswana. Zimbabwe, Mozambique and northern 
Namibia. The total area in southern Africa under C. mopane veg-
etation types is estimated at 555 000 km' (Mapaure 1994). 
The major direct economic uses of the C mopane trees 
include its use as firewood and as rough construction timber. 
while the mopane worm, the edible larva of the Saturnid moth 
Gonimbrasia be/ina, is much sought after as a delicacy (Timber-
lake 1996). In celtain areas extensive cattle and game farming is 
practised exclusively. In these areas it is perceived that in recent 
history an increase in tree density occurred, mainly as a result of 
overgrazing by domestic stock, but also due to the elimination of 
mega herbivores, notably elephant, and the exclusion of sporadic 
hot fires. The increase in tree density, commonly referred to as 
bush encroachment, resulted in the suppression of herbaceous 
plants, mainly due to severe competition for available soil water. 
This is considered a major factor contributing towards the low 
grazing capacity of large parts of the Mopani veld (Donaldson 
1980; Gammon 1984). 
While measures like tree thinning are often considered as an 
option to restore the herbaceous production potential of affected 
areas of the Mopani veld, very little scientific infonnation exists 
on the ecological impact of tree thinning on this veld type, espe-
cially with regard to the reproductive dynamics of the remaining 
trees. This study was subsequently undertaken as a preliminary 
investigation into the effect of intensity of tree thinning on the 
reproduction dynamics of the remaining C. mopane trees and 
forms part of a comprehensive investigation into the effect of 
tree thinning on the southern African Mopani veld. 
Study area 
The study was conducted on the farm ' Halcyon' near Pontdrif in 
the Northern Province of South Africa (29' 12'E, 22 ' 19'5, 560 m 
above sea level). The vegetation is described as Mopani veld 
(A cocks 1988). Louw (1970) made a further division of seven 
plant communities within the South Afri can Mopani veld, and 
the study area was located in, what he named, the C%phosper-
mum- Boscia community. This community covers an approxi-
mate area of 60 000 ha. Louw (1970) described this community 
as a virtually pure stand of Colo ph os per mum mopane. interposed 
with few individuals of Boscia foe Jida subsp. rehmanniana 
(Pest.) Toelken and Salvodoro angllstifolia Turrell var. australis 
(Schweick.) Verdoorn. Within the study area the most important 
grass species are Enneapogon cenchroides (Roem. & Schult.) 
C.E. Hubb., Aris/ida adscellsionis L., Brachiaria dejIexa (Schu-
mach.) C.E. Hubb. ex Robyns , CenciJrlls ci/iaris L. and Digitario 
eriantha Steud. 
The rainy season usually extends from October to March 
inclusive, but rainfall is irregularly distributed and unpredictable. 
Mean long-term seasonal rainfall (July- June) for the period 
1966/67 to 1989/90 was 376 mm (SE ± 27.6, range 140-<i20 
mm). The probability of rain during January is greater than for 
other months. The area is well known for its high summer tem-
peratures and moderate to warm winter temperatures. The area is 
largely frost free, though occasional light frost may occur. 
The underlying rock type is mainly sandstone (Louw 1970). 
The soil is of the Hutton form , representative of the Shigalo 
series (MacYicar e/ al. 1977) with an effective depth of more 
than 1.2 m. 
Methods 
Trial layout 
The study area consisted of six. 1.17 ha plots (180 m x 65 m), 
thinned to. differing tree densities. The control plot was left 
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Figure I Monthly rainfall recorded at the experimental site dur-
ing tht,;: thn:e ~caSO I1S (July-June) of the trial period (1989/90. 19901 
91. 199 1/92). 
undisturbed (rcft!rred to as the 100% plot), and the others thinned to 
the approximate equiva lents of 75%, 50%, 35%. 20% and 10% of 
the tree density of that of the 100% plot. The plots were located adja-
l:cnl ly on a homogeneous area of 8.2 ha. Treatments were allocated 
randomly to the plots and not in a numerical order. The control plot 
yielded a dense stand of C. mopane with herbaceous plants almost 
completely absent. 
Tre!!s wcrt! randomly marked for removal during the thinning pro-
CeSS. This ensured a fairly even spread of the remaining trees with-
out favouring a ranicular tree size. The resultant thinned plots 
resemhkd the structure of natural occurring open stands of C. 
mopanC!. With the exception of S. angustifolia. the few individuals of 
woody sper.:ies other than C mopane were all removed. During thin-
ning, trees wcre sawn off at ground level and removed from the plot. 
The ~tumps were sprayed with a I % concentration of pic10ram and 
tric10pyr mixed in diese l. thus ensuring that only the sawn trees were 
killed . The study area was game fenced to exclude grazing or brows-
ing animals. Thinning was completed during the winter of 1989 and 
the tree densities (trees ha· l ) were as fo llows: 100% (control) plot - 2 
71 1: 75% plot. I 978: 50% plot· I 233: 35% plot. 744: 20% plot. 
589: 10% plot· 300. 
This paper reporl s on the results from the three growing seasons 
(July- June ) following thinning (1989/90. 1990191 and 1991 /92). 
Rainfall 
Daily rainfall data wen~ recorded as the mean of four standard rain 
gauges (127 mm diameter), placed at the four corners of the experi-
mental area. 
Flowering and fruit bearing 
All rooted C mopane trees encountered in fixed transects of 5 m x 
180 m, located in the middle of each experimental plot. were llsed 
for the determination of the occurrence of flowering and fruit pro-
duct ion. These trees were regularly observed and the following 
recorded : ( i) dates of flowering, (ii) percentage of trees that flowered 
at the peak of the tl owering period, and (iii) the percenlage of trees 
that bore fruit after flowering. 
Duri ng the 1989/90 season no anempt was made to record the per-
centage of trees that bore fruit s ince it was assumed that those trees 
that h~d flowered would produce fruit. However, it appeared that not 
all trees that had flowered produced fruit, and fruit bearing was 
therefore recorded during the 1990/91 and 1991192 seasons . 
Fruit mass and germination potential 
Tht: term 'fruit', as Llsed here. refers to the pod with the enclosed 
seed. The dry mass of the fruit and the germination potential of the 
seeds produced by trees from the different experimental plots during 
the 1991192 season were assessed. The pods of C. mopane arc inde-
hiscent and each pod contains a single seed which is flat, conspi-
cuously convoluted. sticky, and copiously dotted with resin glands 
S. Mr. J. l3ot. 1998. (,4(1) 
(Coates Palgrave 1990). 
The dry mass of the fruit was ddermilll!d by random ly han'est ing 
200 pods from trees in each experimenta l plot during April 11,)<)2. 
Each set 0[200 pods was hu lked. thoroughly mixed and a subsample 
of 100 was taken. These pods were dried to a constant mass (70°C). 
The germination potential assessment was conduc ted aI 3 differ-
ent times of the season: (i) at the end of the growing season when 
ripe fruit become generally available (aulumn), (ii) during the mid-
dle of the dormant season (winter) and (iii) at Ihe onset oflhe follow-
ing growing season (spring). The dates of actual harvests were 21 
May 1992, 5 August 1992 and 10 N()v l.!mb~r 1992, respective ly. 
During each harvest. approximately 200 pods were randomly har-
vested from trees of each experimenta l plot. As before. each set of 
200 pods was bulked. thoroughly mixed and a subsample of a 100 
was taken for the assessment of the germination potential of the 
enclosed seeds. These tests were conducted at the faciliti es of the 
Directorate Plant and Quality Control. Dcpartment of Agriculture. 
Pretoria. South Africa. 
The va lidi ty of seed germination tests is dependent on the provi-
sion of optimal cond itions subject to (h(: com:!ct combination of 
moisture, temperature and light. Wh ile light and temperature 
requirements for optimum seed ge rmination of most agricu ltural 
crops have been standardized by the International Seed Testing 
Association (ISTA) (Loubser & Van de Venter 1990), the spec ific 
requirements of C. mopane seeds were unknown. 
The procedure followed was subsequently standardized to temper-
ature and light regimes most commonly used in sced germination 
tesls. and the procedure in general complied with ISTA rules (Louh-
ser & Van de Venter 1990). Seeds were placed in folded filter paper 
as germination substrate and incubated in the dark at 20/30°C ( 16 hI 
8 h) alternating temperatures. Relative humidity (which was kept at 
15%) and temperature wen: monitored by means of a 
thermo-hygrograph. Germination counts were performed after 8. 12. 
15 and 2 I days. Seeds of which the primary root was visible were 
removed and added to the count OfSllCC(:ssfully germinated seeds. 
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Figure 2 The percentage (a) and number (b) of CoLophosper-
mum mopane trees that had tlowered and produced fruit in the var-
ious experimental plots during the 1989/90. 1990/91 and 1991 /92 
seasons (fruit bearing not recorded during 1989/90). 
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Establishment of new seedlings 
A ll rooted seedlings of woody plants, not just those of C mopane, 
were counted in the fixed transects of each experimental plot. Sur-
veys were done at the end of each growing season, normally April or 
May (1990/91 and 1991192 seasons). For the purpose of this deter-
mination, 'seedlings ' were considered to be any young woody plant, 
whether established from newly germinated seeds (true seedlings) or 
new plants established vegetatively in the form of suckering from a 
surtncc root. This was done in view of the difficu lty of d istinguish-
ing between Ihl.! two forms without resorting to the uproo tment of the 
new plant. Il is howt!ver I!st imated that the vegetative 'seedlings' 
const ituted only a small percentage of the observed seedlings. 
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Figure 3 The frequency distributions of Colophospermum 
mopane fruit (seeds with and without their pod covers) from trees of 
the different experimental plots within eight dry mass classes: (a) 
10% plot, (b) 20% plot, (c) 35% plot, (d) 50% plot, (e) 75% plot, (I) 
100% plot. 
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Data analyses 
Relations which involved param~tri c data wcre established lI sing 
simple regression analyses (Drapcr & Smith 1981: Statgraphics 
1991). Simple frequency dist ributions (Bender et al. 1989) with a 
class in terval of 0.1 g were employed to analyse tbe huit dry mass 
data. 
Results 
Flowering and fru it bearing 
Flowering mainly occurred during January and February, though 
a few trees, confined to thinned plots with a low tree density. also 
flowered during December and March. Though not part of the 
measured criteria, it appeared that trees in the low densily plots 
flowered more profuse ly than those in the densely wooded plots. 
The number and percentage of trees that flowered and the num-
ber and percentage that developed seeds were s ignificantly corre-
lated (1990/91: r = 0.980, n = 6, P < 0.00 I; 199 1/92: r = 0.990, n 
= 6, P < 0.001), but the number and percentage that developed 
seeds were always marginally lower than the number and per-
centage that flowered. 
Seasonal differences in flowering and seed bearing, as well as 
differences among treatments, occurred (Figure 2). Flowering 
and fruit bearing were the highest during the third season (19911 
92). The percentage of the trees that flowered and developed 
fru its was substantially higher in the plots with a low tree den-
sity, declining linearly over the tree density gradient (Figure 2a). 
Both the percentage flowering and percentage fruit bearing were 
significantly negatively correlated with the tree density (flower-
ing: r = -0.63, n = 6, P < 0.05; seed bearing: r = -0.65, n = 6; P < 
0.05). However, in actual numbers, the number of trees that flow-
ered in the plots with a high tree density (50%, 75% and 100% 
plots) was generally of the sallle order as in plots with a low tree 
density (Figure 2b). 
Fruit mass and germination potential 
The frequency distributions of Colophospermum mopane fruit 
(seed with and without their pod covers) from trees of the differ-
ent experimental plots within eight dry mass classes are pre-
sented in Figure 3. The mass of frui t co llected from trees in the 
low tree density plots were higher than those from the densely 
wooded ptots. In the 10% plot the largest percentage of seeds 
(pod covers removed), fell within the > 0.2-0.3 g class, as com-
pared with seeds from the 100% plot where the largest percent-
age fell within the > 0.1-0.2 g class. 
Results 'Of the seed germination poten tial assessments are pre-
sented in Figure 4. The best germination results were obta ined 
from seeds harvested at the end of the growi ng season (2 1/05/92) 
(82% +). The lowest germination was from the seeds harvested 
during (he middle of winter (5 /08192) (34--60%), whi le seeds 
harvested at the onset of the next growing season (10/ 1 1/92) dis-
played improved germination (54-65%). Most of the seeds ger-
minated within 12 days. The peak per iod for germination of 
seeds harvested during the middle of winter was 12 days, while 
the peak period of germination of those harvested at the onset of 
the new growing season was only 8 days. There were no marked 
differences in the germination period of seeds from the different 
experimen(al plots. Of the seeds harvested at the end of the 
growing season, those from the 10%, 20%, 35% and 50% plots, 
achieved peak germination after 12 days, while the smaller seeds 
from the 75% and 100% plots achieved peak germination after 
onty 8 days. 
Establishment of new seedlings 
The numbers of tree seedlings ha-l cOlln ted within the transects 
of the different experimental plots after the 1990/91 and 1991 /92 
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Figure 4 Results of {he germination potential assessments of 
Colophospermum mopane seeds harvested on three different dates 
(seasons) in each of the experimental plots: (a) 10% plot, (b) 20% 
plot, (e) 35% plot. (d) 50% plot, (e) 75% plot, (I) 100% plot. 
seasons are presented in Figure 5. The few seedlings other than 
those of C. mopane were all Dichrostachys cinerea (L.) Wight & 
Am. Seedling numbers were generally low and no specific pat~ 
tern of establishment that can be ascribed to the thinning of C 
mopane could be established. Seedling numbers were not corre-
lated with tree density, nor with any other parameter related to 
tree density (e.g tree canopy cover). 
Discussion 
The season of flowering is given by Coates Palgrave (1990) as 
extending from October to March. Trees from the study area, how-
ever, displayed a much more restricted flowering season, and flow-
ering during early spring (October and November) did not occur. 
S. Atr. J. Bot. I Y98. 64( I) 
The seasonal flowering and fruit production pattern did not 
follow the rainfall pattern, with the highest percentage flowering 
and fruit bearing recorded during the third season (1991192). 
Rainfall distribution presented a less likely explanation for this 
anomaly, unless water stress during the early season pre-flower~ 
ing period is decisive to flowering and frui t production. 
Nonetheless, the influence of reduced inter-tree competit ion, 
that resulted from the thinning of C. mopane trees was illustrated 
by the flowering and fruit production of the remaining trees, with 
a higher percentage of trees flowering in the low tree density 
plots. Since the sum totals of the larger number of trees in the 
high tree density plots ensured that the number oftrees that flow~ 
ered and produced fruit were of the same order as the number in 
the low tree density plots, tree thinn ing does not appear, on aver~ 
age, to increase or decrease the number of trees per uBit area that 
flowered and produced fru it. 
While the seeds from the high tree density plots (75% and 
100% plots) were smaller and lighter than those from the low 
tree density plots (10% and 20% plots) they appear to have the 
same germination potential. The ability to germinate, however, 
did not necessarily l11ean that the seedling would survive. 
According to Twamley (1967), seedlings from large seeds show 
greater seedling vigour. Seedlings from larger seeds survive 
longer when grown in the absence of any mineral nutrients other 
than those in the seed, and they are also able to emerge from 
greater depths in the soil (Jurado & Westoby 1992). The generic 
name, Colophospermum. is derived from the Greek words mean-
ing 'seed inhabiting the light' and this possibly refers to the fact 
that the seed, which is not released from the pod, always remains 
above ground and does not germinate in the soil (Styles 1993). 
The ability of the seedling to emerge from below the soil surface 
is not, therefore, important in the case of C mopane. Established 
seedlings may also be damaged by invertebrates (Facelli 1994) 
or mammalian herbivores (Walker e! al. 1986), while fire l. '3Y 
destroy seeds of some tree species (Holmes el af. 1<:)87). 
Another important determinant of woody seedling establi~ '· · 
ment is competition from other plants, either from other woody 
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Figure 5 The number of tree seedlings ba-1 counted within the 
transects of the different experimental plots: (a) end of 1990/91 
season, (b) end of 1991/92 season. 
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plants (Smith & Walker 1983; Smith & Goodman 1986; Schmitt 
el at 1987; Smith & Goodman 1987; Smith & Shackleton 1988; 
Ben-Shahar 1991; Grundy el al. 1994), or herbaceous plants 
(Thompson 1960; Van Vegten 1983; Skarpe 1990; Brown & 
Archer 1989: O'Connor 1995 ). From the relatively low seedlings 
numbers, as we ll as the lack of any speci fi c pattern of seedling 
establishment, it can be concluded that conditions over the com-
plete tree density gradient were unfavourab le for the establish-
ment of tree seedl ings. The lower num ber of seedlings recorded 
after the 1991/92 season than after the previous season ( 1990/91) 
suggests that some mortalities oflhe newly established seedlings 
occurred (Figure 5). 
At high tree densities severe competit ion from the established 
( '. mopane trees could possibly account for the low rate of seed-
ling establishment, while in the low tree density plots competi-
tion from newly established herbaceous plants (Smit 1994), 
mainly grasses, cou ld possibly account fo r the seedling absence 
in these plots. Thompson (1960) reported that C. mopane seed-
lings could not establish on soil with a good grass cover, and fac-
tors such as low and erratic rai nfall , sandy surface so il , massed 
shallow C. mopane roots and shallow sandy soils over impervi-
ous sodic sub-soils, which suppress grass growth, tend to favour 
seedling estab lishment. This is supported by Knoop (1982) who 
observed that on a s ite dominated by Acacia-species, large num-
bers of seedlings germ inated and survived in a plot cleared of 
herbaceous vegetation, while few were found in a control plot. 
Tree-on-tree competition appears to be species specific (Smith & 
Goodman 1986), or re lated to the shade tolerance of the seed-
lings (Smith & Shackleton 1988; O'Connor 1995). 
An accurate predictive model, similar to that proposed by 
Scholes ( 1990), estimating the time for recovery to the pre-thin-
ning state . would thus be impossible without including determi-
nants other than tree thinning alone. Reduced competition from 
herbaceous plants, primarily as a result of overgrazing, is consid-
ered important for a sudden increase in the establishment of 
woody plant seedlings (Van Vegten 1983; Skarpe 1990; Smit & 
Rethman 1992). Post thinning grazing management is thus likely 
to have a decisive effect on the rate of woody p lant 
establishment. 
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